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A SEARCH FOR RADIOCARBON IN COAL
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ABSTRACT
The discovery of any measurable quantity of radiocarbon in fossil carbon deposits, such as coal, would have
profound significance for geo-chronometry since, according to the conventional geological time scale,
radiocarbon In such depOSits should have become extinct long ago. Reports of measurable radiocarbon levels in
such deposits have appeared within the creationist technical literature from time to time. However, in every case
the work being reported on was done by non-creationist scientists who felt their results implied the presence of
contamination by modern radiocarbon, not residual indigenous radiocarbon. Clearly, a specially designed
creationist research program is required to settle this question.
Such a program was instituted at ICR several years ago. A large-volume liquid scintillation detector has been
constructed to search for radiocarbon in fossil carbon. In this paper I describe this apparatus and discuss the
results of measurements to the present time.

INTRODUCTION
It Is of interest to search for indigenous radiocarbon in coal and other fossil carbon reservoirs because such a
discovery would falsify all old-earth models for the formation of these depOSits, and demonstrate that something
is seriously wrong with the old-earth time scale. The old-earth model places the ages of these deposits in the
millions of years range. Since the half-life of radiocarbon is only 5730 years, it is immediately apparent that, if the
old-earth time frame is correct, these depOSits should contain no indigenous radiocarbon whatsoever.
The recent-creation model, on the other hand, predicts the probable presence of radiocarbon in these depOSits,
albeit at very low levels. Based upon our (admittedly limited) understanding of the pre-Flood environment, it has
been suggested that less than about one ,.c atom per 3x10" carbon atoms should be found in these reservoirs
(1). (That is, a
concentration below about 3x10-1• 1·C atoms/C atom is expected in these reservoirs.) This low
level requires specialized apparatus to detect; the normal equipment found in most radiocarbon laboratories
today is typically only able to detect radiocarbon down to a level of about one 1·C atom per 1x1 0" carbon atoms
at best (i.e., their sensitivity limit for 1·C detection is less than about 1x1 0- 15 1·C/C).
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The construction of a radiocarbon detector to make such low-level measurements is by no means easy or
routine. Nonetheless, the significance of the discovery of indigenous radiocarbon in these deposits seems
sufficient to justify the necessary cost and effort.

SPURIOUS CLAIMS

"e

It is possible to find claims within the creationist literature to the effect that
has already been found in
abundance in fossil carbon materials such as coal. These claims are invariably found to be unsubstantial when
investigated carefully. Unfortunately, such claims continue to enjoy wide circulation among lay creationists.
Several typical specimens of this sort can be found, for example, in the chapter on
circulated lay volume entitled ''The Answers Book" [5]. It cites the following two cases:
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in the widely

"Coal from Russia from the "Pennsylvanian," supposedly 300 million years old, was dated at 1,680 years.
Natural gas from Alabama and Mississippi (Cretaceous and Eocene, respectively) should have been 50
million to 135 million years old, yet C,. gave dates of 30,000 to 34,000 years, respectively."
Obviously, if these cases are valid , further expenditure of time and effort to measure radiocarbon in coal is
unnecessary - it has already been donel But, unfortunately, they are not valid.
Both cases seem to be drawn from Table 4 of a paper by Whitelaw [12) which appeared in CRSQ several
decades ago, and one must go to that paper to obtain a complete reference in both cases. A brief look at the
original reference [10) in the first case (Pennsylvanian coal from Russia) immediately reveals that the sample
was not Pennsylvanian coal at all. This is evident first of all by the fact that it is part of a date list which is broken
into three parts: "geologic samples", "archaeological samples", and "fossil animals". Clearly, Pennsylvanian coal
would be listed as a geologic sample, but this sample of "coal" is listed as an archaeological sample.
Furthermore, the archaeologists involved with this sample felt that its A.D. date confirmed their view of the
peopling of the region. Now, to be sure, some archaeologists have had trouble catching on to some of the
subtleties inherent in radiocarbon dating, but none that I know of would suppose for a minute that they could
date an archaeological site by radiocarbon analysis of a piece of coal found on the site. Obviously, if a piece of
coal were to yield a date, that date would reflect upon the formation of the seam from which the coal came, not
the date of the site where the coal was found.
In the original reference the sample is described as "scattered coals in a loamy rock in depOSits of a 26-m [river)
terrace". This Radiocarbon reference must Originally have been translated from Russian and it is not
unreasonable to suppose that there was some loss of descriptive clarity as a result. But it seems pretty clear that
what is being described here is certainly not "Pennsylvanian coal". There is, in fact, no indication anywhere in
the original reference that these samples were from the "Pennsylvanian", nor is there any hint that they were
expected to be "300 million years old"; these appear to be purely apocryphal embellishments to the Original
account. Surely, what the Russians intended to convey (and what nearly everybody would understand), is that
these samples were charcoa/from a not too ancient campfire.
The Original reference [9) in the second case (natural gas) immediately reveals that both Whitelaw and The
Answers Book have, unfortunately, neglected several very important ">" (strictly greater than) signs. The "dates"
in this case are given in the original publication as ">30,000" and ">34,000". Thus, these natural gas samples
were not dated to "30,000 to 34,000 years" at all. In fact, the original reference plainly notes "infinite age as
expected". Clearly, 30,000 to 34,000 years was the sensitivity limit of the apparatus which was used to measure
the ,· C content of these samples (this corresponds to one ,· C atom per about 6x10 13 carbon atoms, or a
sensitivity of about 1.7x10·'· -- not at all unreasonable for '· C detection apparatus at this early date); these
numbers do not reflect measured actual ages for these natural gas samples.
To the best of my knowledge, no serious effort has been made to measure the actual
carbon reservoir. The present experiment is, therefore, unique and necessary.

,.c content of any fossil

PREVIOUS STUDIES
There have been a number of radiocarbon measurements on samples of interest to us, particularly anthracite,
within the (non-creationist) radiocarbon community. Interestingly, the results of these experiments do not paint a
uniform picture. Some techniques seem to show an absence of ,·C in anthracite to extremely low levels, while
others seem to show the presence of '· C at only moderately low levels.
The rationale behind the use of anthracite in these labs was that, since anthracite is "known" to be millions of
years old, It should provide a suitable material for background determination in the radiocarbon detection
apparatus. In some instances the measured "background" was higher than expected, indicating the presence of
,·C in the anthracite itself or introduction of modem
somehow during chemical preparation of the anthracite
sample for dating. The researchers involved have generally concluded that anthracite must be subject to some
kind of "contamination" problem.
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In 1958 Haring et at. [6) used an isotope enrichment technique to measure an anthracite sample and found an
upper limit for the '·C concentration of about 1x10·'· '·C/C. This same technique was again applied to anthracite
in 1978 by Grootes [3) who found an upper limit of 7.4x10·17 '·C/C. To my knowledge, this is the most sensitive
measurement of '· C in anthracite (or any other carbon-rich material) to date.
These results seem to conflict with more recent measurements using the accelerator mass spectrometry (AMS)
experimental technique. For example, Schmidt et a/. [8) reported finding ,·C in anthracite at levels greater than
1.5x10-' 5 '·C/C , Vogel et a/. [11) reported finding 4.8x10·' 5 '·C/C, and Gurfinkel (4) reported values greater than
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or equal to 3.6x1 0. 15 1·C/C. Finally, In a recent paper, Lowe [7] stated that it is fairly common for AMS labs to find
1·C present in coal in the range of 2.0x1 0'" to 4.5x1 0'" 1·C/C.
As mentioned above, the presence of 1·C in coal well above the sensitivity limit of the AMS measurement
apparatus was not anticipated. Lowe [7] has suggested that this may be due to contamination of coal by modem
1·C through microbial and fungal action in the coal substrates. If this is the case, it is curious that similar levels of
contamination were not found In the anthracite used In the earlier isotope enrichment measurements. The
Isotope enrichment results seem to imply that modem contamination is being Introduced during sample
preparation for the AMS technique. It Is perhaps noteworthy, along this line, that the AMS sample preparation
procedure does seem considerably more elaborate and Involved than Is the case for Isotope enrichment.
This line of thinking leads to the expectation that anthracite, at least, will probably not be found to contain
indigenous 1·C at concentrations in excess of the limit imposed by Grootes' [3] result mentioned above (i.e.,
7.4 x 10.17 1·C/C). If this is correct, then the really interesting results will not be forthcoming until measurements
with greater sensitivity than Grootes' can be made. This tall order is the ultimate goal of the ICR Radiocarbon
Lab; it will probably take a number of years to achieve.
This ultimate goal should not, however, be felt to diminish the importance of the measurements at lower
sensitivity which will be made along the way, such as the first results from our lab reported below. The fact that
AMS measurements have repeatedly given finite ages for anthracite is mystifying and intriguing, espeCially when
the researchers who made the measurements claim these results are not due to contamination introduced
during sample preparation, but must be due to contamination in the anthracite itself (e.g., [4] page 342]. One
wonders whether there might be something defective about the isotope enrichment method which causes it to
overlook some 1·C, but it is difficult to see how such an oversight could arise. Another possibility is that the
anthracite used in the different experiments came from different coal mines which , in fact, contain different
indigenous 14C concentrations. But it is difficult to imagine how coal seams having such different 1·C
concentrations could arise.
Clearly, the matter of the possible presence of 1· C in fossil carbon depOSits is far from settled. Whatever
experimental light can be shed on this matter is of interest to creationists. As R. H. Brown [2] has recently
pOinted out, ''These findings are of particular interest to individuals who are looking for models that relate the
historical data in the Bible to modem scientific observations."

APPARATUS
There are three principal techniques employed for the detection of 1·C today. These are gas counters, liquid
scintillation counters, and AMS. Of these three , liquid scintillation offers the largest sample volume, and it has
the added advantage of relatively low cost. For our purpose of measuring the lowest possible 1·C concentration,
it is of paramount importance to worlk with as large a volume of carbon as possible to maximize the number of
1·C atoms for detection. Thus, liquid scintillation is the obvious choice for our worlk. However, it is necessary to
build our own liquid scintillation spectrometer, as instruments with the large volume we require for this research
program cannot be obtained commercially.
For this 1· C detection method , the carbon sample to be dated is first converted to a liquid aromatic hydrocarbon
such as benzene , CsHs' or toluene, C,H a. The
atoms of the original sample are incorporated along with the
stable 12C and 13C atoms of the original sample into these new benzene or toluene molecules. In this resultant
sample liquid a relatively small quantity of fluorescent chemicals is dissolved. These chemicals function to
convert 1·C decay energy into light photons. The mixture of sample liquid and dissolved fluorescent chemicals is
called the "scintillation cocktail".
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The flash of light which is produced whenever a 1·C atom decays within the scintillation cocktail is detected by
photomultiplier tubes (PMTs) and converted to an electrical pulse. Generally two PMTs are used together. This
permits noise pulses in the individual tubes to be discriminated against through coincidence detection. That is,
only pulses which appear simultaneously within both PMTs are counted as signal ; pulses arising individually
within only one PMT at a time are rejected as noise.
Other sources of noise, or background pulses, within the apparatus are due to extemal and intemal radiations.
Any radiation (e .g. x-ray or y-ray) from any source can produce scintillation pulses within the sample liquid which
look the same as the pulses produced by a 1· C decay. These are prinCipally due to the decay of radioactive
substances in the materials of which the detector is constructed and in the materials extemal to the detector
(e.g., concrete floor, plaster walls, etc.). For this reason, the entire apparatus is normally surrounded by lead to
shield it from the extemal component of this chronic background radiation, and the detector itself is constructed,
as much as possible, of materials known to be relatively free of radioactive atoms.
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Energetic cosmic radiation is another chronic source of background pulses. Because of their high energy,
cosmic rays are able to penetrate the lead shield surrounding the spectrometer. This cosmic component can be
reduced by incorporating antl-colncidence detection of some type into the detector or by operating the apparatus
deep underground.
The ICR detector Is a large-volume liquid scintillation spectrometer. It Is constructed of a teflon tube
approximately 57 em long, with a 3.8 cm bore. A 2 Inch (5 em) diameter PMT Is mounted at each end of the
teflon tube via o-ring seals. The teflon and PMTs are held together by spring pressure Inside a slightly larger
diameter copper pipe. The entire assembly is surrounded by 10 em of lead. At the present time this apparatus is
operated in an above-ground lab at ICR; no effort to suppress the cosmic ray background has yet been made.
A gold-plated, thin-walled, quartz tube is installed inside the teflon tube to act as a light reflector. The scintillation
cocktail is loaded into the teflon tube through two small ports in the teflon.
The electrical pulses from the PMTs are processed for coincidence within the triggering circuitry of an HP
54501A digitizing oscilloscope. Coincident pulses are digitized and passed to a 286 Vectra computer for storage
on magnetic tape. The digitized pulses are then transferred to a 486 computer and Individually analyzed for
pulse height using a least-squares fitting procedure, and summed (i.e., two tube total) pulse height spectra are
generated .
METHOD
For the initial phase of this experimental program it is adequate to use commercially available toluene as our
sample. Toluene is produced commercially from light oils from coke-oven gas and coal tar, and from petroleum.
Thus, it is derived from the fossil carbon reservoirs which are of Interest to recent-creationlsts. It Is, of course, a
disadvantage that the provenance of the commercial product is unknown. (It seems most likely that it represents
a mixture from a variety of different sources, in fact.) However, there is a very great cost advantage with the
commercial product which highly recommends it for at least the initial phases of this project. The sample which
has been used in the present experiment Is a toluene-based scintillation cocktail available from Aldrich (catalog
number 32,712-3).
An unusual feature of the current experiment is the lack of a known infinite age sample for use In measuring the
spectrometer background. We are, in effect, seeking to measure the
concentration within what Is normally
regarded as the background sample. Thus, it is necessary to adopt the following measurement procedure.
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First, a pulse height spectrum of the sample (commercial cocktail) containing the unknown

"c concentration,

{"C}, is taken. This is called the "sample" spectrum. This spectrum contains N pulses after a counting livetime of
T, or an overall measured "sample" activity of A NIT.

=

"c

"c

"c

Next, a known, relatively large, quantity of
(the
"spike") is added to this sample, giving it a total
concentration of '{"C}. A second, "total" pulse height spectrum is collected. This spectrum contains 'N pulses
after a counting livetime of'T, or an activity of 'A 'N I'T.

=

The spectral shape for "c decay for our spectrometer is then determined by an appropriate subtraction of the
"sample" activity spectrum from the "total" activity spectrum. The resulting difference spectrum Is called the
"spike" activity spectrum, as it is due entirely to the
added in the spike. It will have an overall activity of 'A.
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Finally, the fraction, f, of the "spike" activity spectrum which will fit under the graph of the "sample" activity
spectrum is determined. This fraction of the "spike" activity represents the maximum activity in the "sample"
spectrum which can be attributed to "C. It is used to place an upper limit on the
concentration in the sample
by means of the following simple derivation.
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We begin with the proportionality relation:

C'C} t"A ='{"C} I'A
where ·A is the activity due to
The maximum value for "A is:

(1)

"c in the sample, and the remaining symbols are as defined In the text above.
"A:Sfx'A

(2)

Combining these two equations gives:

{"C} :S fx '{"C}
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(3)
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Figure 1: Pulse height spectrum from Aldrich toluene-based cocktail.

RESULTS
Figure 1 shows the activity spectrum for the Aldrich toluene-based cocktail; this is the "sample" spectrum. Figure
2 shows the 1·C spectral shape which was obtained for the "spike" by subtracting the figure 1 spectrum from the
"total" spectrum (not shown). (Note that the spectral shape is appropriate for 1·C which is a p-emitter.) Finally,
figure 3 shows the family of curves which result from subtraction of various fractions, f, of the figure 2 curve from
the figure 1 curve.
It is apparent that the largest possible fraction which can be subtracted without leaving Significant negative
residuals is 0.06. This represents an absolute maximum for f. This can possibly be refined by observing that it
seems reasonable, on theoretical grounds, to expect the spectral shape of the residual (true background) activity
spectrum (figure 3) to decrease monotonically as one goes from smaller to larger pulse heights. Thus, a better
upper limit for 1·C in this sample might be represented by the f 0.03 curve.

=

The 1·C spike raised the 14C concentration in the sample volume to '(14C} = 5.3x10· 13 14C/C. With this value for
'{'.c}, equation 3 above yields a maximum 14C concentration in this sample (Aldrich cocktail) of 2.9x10· '4 14G/C
(for f =0.06), and it seems probable that this concentration is, in fact, less than 1.5x1 0'" " C/C (using f =0.03).
CONCLUSION
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The various claims and measurements of
concentration in fossil carbon depOSits which have been discussed
in this paper, together with the present measurement, are summarized in figure 4. It must be stressed that our
measured value is an upper limit only and does not yet represent proof of the existence of indigenous
in this sample
radiocarbon in fossil carbon depOSits. It does, however, demonstrate the complete absence of
in the 10.13 "C/C or higher range, in concert with the AMS and isotope enrichment results. Claims such as that
found in WhitelawlThe Answers Book for "Pennsylvanian coal" are, as expected, not supported.
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While it is evident that considerable work will need to be done before the sensitivity evidenced by Grootes'
results can be attained, it is nonetheless pleasing that our sensitivity already permits measurements within the
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Figure 2: Pulse height spectrum from
spike; background has
been subtracted using the figure 1 spectrum.
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range of reported AMS results. It Is not clear whether we are seeing actual 14C signal (Indigenous or
contamination) or indistinguishable background events In our spectrometer at the present time. The only way to
assess this is to make improvements to the spectrometer (to reduce known background sources and thereby
increase the spectrometer's sensitivity) and repeat the experiment. At the present time there are a number of
su itable Improvements to the spectrometer which we antiCipate can be made with modest expenditure of time
and money. For example, as mentioned above, no effort has been made to eliminate cosmic ray background
events thus far; we plan to pursue anti-coincidence schemes and/or possibilities for locating the experiment
deep underground, in addition to other improvements, as resources permit.
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